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Summary eu 


INTRODUCTION 


The results recorded in this memoir were obtained chiefly from 
investigations on  animals—rats, guinea-pigs and  rabbits— 
sub-inoculated from a case of Rhodesian sleeping sickness recently 
studied by Major В. Ross and Dr. D. Thomson in the Royal 
Southern Hospital, Liverpool. 

The investigations were undertaken at the suggestion of Major 
Ross, under funds allotted by the Tropical Diseases Research 


TP E of this paper was "od before the Royal Society on December 8, 1910. 


and published іп Proc. Вау. Soc., В. Vol. LXXXTIL. рр. 206-211. 
АА 
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Committee іп the case of one of us (H.B.F.), and under the Sir 
Edwin Durning-Lawrence Fund in the case of the other (J.G.T). 
The researches on animals were necessary in order to determine 
whether a regular periodic increase in the parasites in the peripheral 
circulation occurred, similar to that found by В. Ross and 
D. Thomson* (1010) in the case of Rhodesian sleeping sickness. 
Again, it was necessary to determine whether this numerical cyclical 
development had a definite significance in the life-history of the 
parasite, which it would be necessary to consider in the case of 
treatment of trypanosomiasis by drugs or other methods. Ош 
work was done in the Liverpool School of Tropical Medicine. 

The trypanosome from the patient suffering from sleeping 
sickness contracted in Rhodesia was found by Stephens and 
Fantham (1910)t to exhibit a marked morphological peculiarity in 
the presence of a posterior nucleus in some of the stout forms, and 
for this parasite the name 7. rhodesiense was suggested by them 
We have also used an old laboratory strain of 7. gambiense. 


OUTLINE OF THE METHODS USED 

In all cases a definite nuinber of trypanosomes was inoculated. 
The inoculation was made subcutaneously in rats, intraperitoneally 
in guinea-pigs and rabbits. 

The peripheral blood of these animals was then examined daily, 
at the same hour, that is to say, at regular intervals of twenty-four 
hours, 

The technique ‘employed was that elaborated by R. Ross and 
D. Thomson (1910) in their study of the patient W.A., namely, 
that a known quantity of blood (one cubic millimetre divided into 
quarters) was taken and the parasites therein very carefully counted. 
In counting the thick films an Ehrlich eye-piece was used, after 
the films had been dehaemoglobinised, fixed with absolute alcoho! 
and stained by the Romanowsky method. 

When the parasites became very numerous it was necessary 19 
spread the quarter cubic millimetre of blood over a larger square 
area than usual, and to use a very small diaphragm in the eye-piece. 
The parasites were then counted in three or four bands across the 


film, which had been previously examined in order to ascertain an 
——M ÀM— i — x ын ЧЕ 

Ы Proc. Roy. Soc., B, Vol, LXXXII. рр. 411-415. and Vol. LXXXIII. pp. 187-205- 

F Proc. Roy. Soc., B. Vol. LXXXHI, рр. 28-33. 
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even distribution of the trypanosomes therein-—though this led to 
certain unavoidable errors (see R. Ross and D. Thomson on 
' Enumerative Studies on Malarial Fever'*). It will be obvious that 
the counts entailed much labour, especially when the parasites were 
numerous. 

We have endeavoured to estimate the number of divisions of 
the trypanosomes during the first twenty-four hours of their 
appearance in the peripheral blood of the host. (See pp. 433-4.) 


ENUMERATIONS IN RATS 


We now give a series of tables of enumerations in rats inoculated 
with (а) T. rhodesiense and (5) T. gambiense. 

In the case of both strains it was found that the rats tended to 
fall into one of two main categories exhibiting either (1) a periodic 
increase апа decrease in the number of parasites in the peripheral 
blood (see Chart 1), or (2) a more or less continuous rise in the 
numbers of parasites until the animal died (see Chart 2). (Cf. Moore 
and Breinlt.) 

We therefore classify the animals inoculated with each strain 
into two groups : — 

(а) Trypanosoma rhodesiense 
1. RATS EXHIBITING PERIODIC VARIATION 


Rar -Piebald 2, weight 187 grams. Dose of inoculation one million Trypanosomes- 


(H.B.F.) | 
| 
Days % "Tm i I | 2 3 | + 5 6 7 
| к |а 
Parasites рег слит. ... a — = 6 48 9,860 60,000 | 84,640 
Temp.! | 30 | 32 44 64 64 50 50 
| | | ч 
Day | 8 | 9 | 10 I1 12 | 13 14 
Parasites per c.mm. ... «| 7,760 | 24,000 | 20,480 | 63,800 | 32,000 | 21,769 89,600 
Temp. VI ж js 2 | jo | 22 ° 10 
| 


| i | 


1 The temperature is expressed according to the following Haermatotherrnic scale, аз ME 
Ros's recent papers оп ' Malaria’ and * Trypanosomiasis ' :—Temp. = (F— 95) х aa 
is the temperature in degrees Fahrenheit, recorded with a clinical thermometer, per T : 


"Proc. Roy. 5ос., B, Vol. LXXXIII, p. 161, and Ann. Trop. Med. an 
Vol. ТУ, p. 268. 
t Ann, Trop. Med. амі Parasitology (1997). Vol. 3. p. 445: 


d Parasitol. (1910). 
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The graph of the number of parasites of this anima] is represented 
in Chart r. 
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CHART 1. —Graph showing Daily Counts of the Parasites per cmm. in the Peripheral Blood of 
а Rat inoculated with T. rbodesieuse. Periodic Variation. 


The numbers of the parasites are indicated along the vertical line. and the duration of 
infection in days along the horizontal line. 


(See record of Rat 1.) 


Rar 2.—White g, weight 108 grams. Dose 350,000 Trypanosomes. (H.B.F.) Е 


| 
Day TE 5224 mE > 3 4 5 | 6 ; 
_ | a 
| 
Parasites рег cmm. ... а = | == 6$ 18,240 | 44,120 | 32,080 | 22490 
B" | 
emp c. ая | 32 | 24 | 20 40 56 38 e 
| = 
BENE ———— ccc gc cM 
D | | | 
Qr Mo CARNET % 9 | ао — | = i= z 
=. U EM |. 
| 2 | 
Parasites per c.mm. | 12,860 | 126,700 | 61,840 | — E c 
T 
emp. 20 25 4 — = T i p 


 .. .. 
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Ват j—White 9, weight 225 grams. Dose: two million Trypanosomes. (H.B.F.) 


| ; 
Day КЕ ... EN 1 2207 3 4 5 6 7 
ee | | 
Parasites рег c.mm. ... э — 12 3,480 | 58,240 | 16,000 | 1,840 | 6,400 
Temp. ... s em oe 20 20 14 86 106 40 15 
T | Ё - 
Day e ... we 8 | 9 — = | -- | = 
| | | 
Parasites рег сат. ... ..| $2,000 | 42,400 — — — | = 
ARs oa се EIS o — — | -- | — 


Rar 4.—Piebald 2, weight 220 grams. Dose: 500,000 Trypanosomes. (H.B.F.) 


| 

Day E. a sis 1 2 | 3 n | 6 | 7 
ham сакоо пана о | М 
Parasites рег comm. — ... m" - — — i 8 1,960 11,520 | 28,800 
Temo ШШ 2 21 о 53 50 50 34 36 74 

| | 
Рау E. Жи - 8 9 | ю 11 | 12 13 — 
| ПЕВ СРЕ 
Parasites per салып. ... ..| 56,320 | 84,000 | 50,000 | 39,200 160,000 | 100,400 == 
Тери ыз 2 1052 48 38 4o 47 = EX 

Rar 5.—White 9, weight 120 grams. Dose: 750,000 Trypanosomes. (H.B.F.) 

Day T езі v5 1 2 27! 4 5 6 7 
Parasites per emm. .. «| — = — 896 | 3,280 | 32,569 51,600 
Temp. ... e Tex "m 38 36 | 38 5 40 52 48 

i 
I semp =——— 

Day - "e 30 8 | 9 1с = ra 

Parasites per cmm. — ... 44 64,800 | 22,800 16,800 = ых 
! 
Тр он a o A 22 20 = 2% 
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Rar 6.—Piebald 2, weight too grams. Dose: опе million Trypanosomes. (H.B.F.) 


Day 25: T 1 1 2 | 3 + $ 6 
| | ч 


8,400 | 52,78! 


Parasites рег emm. 2.0.) -- — — 
Temp. s Е чо 40 46 56 6o 50 
D | | 
ау Бе 8 | 9 = | - - - 
Parasites per салт. ... 4 96,000 | 40,656 — | — = = 
Temp. 30 54 — | -- = — 


Rar 7.—Piebald 2, weight 189 grams. Dose: 30,000 Trypanosomes. (Н.В. 


| | 
Day ze ap Sed 1 | Z| 3 + 5 | 6 | 
кезе: “аны ee 
Parasites perc.mm, ... | — ' — 336 | 6,572 | 23,888 | 80,640 | ine 
Temp. ... m cec БЕСІ 4 | 7 | 72 66 Ue 
| 
Е | | 
ау EET И: 8 9 — = m ES 
елп eee Co 
- В aa | 
Parasites рег сїт. — ... | 30,250 | 150,000] — = = (= 
Temp. ... o ane col) zl 5 — == =з Ы 


n 
Day ET foo” | Gee 1 2 3 + Ё 
—L— ИРА ШЕЖЕ СЕ 2223 ——— 
Parasites per олы... „| — = = Ino uM er 
Temp. ... aes A l 40 42 40 40 B 
Day 
ау AS am E 8 9 10 n | 12 Юу: 
——————— ll. d Lp Bi 
| | 
Parasi | | 
arasites рег emm. — ... +з] 81,000 | 9,200 | 1,960 | 7,840 | 23,040 | 83800. 7 
Temp. ... | | 
cop sen БЕЗ: 56 | 70 бо | 68 52 ді 
| 
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Rar 9.—Piebald $, weight 100 grams. Dose: 500,000 Trypanosomes. (Н.В.Е.) 


| | | 
Day X5 ant .. 1 2 в || 4 5 6 7 
— | --- = 22 
Parasites рег emm. ... Ыы — | - NE 20 4,672 | 8,040 | 70,400 
Tm NECEM ou cel 3o 4o | 50 54 
I ———__—____— 
: — : 
Day с ats .. 8 | 9 ою | и 12 = == 
| | ----- 
Parasites рег c.mm. ... - 32,400 | 3,360 | 29,880 | 88,800 | 113,520 — == 
Temp .. 2. 2.2 24 88 46 | 42 | 49 35 | — | — 


Rar to.—Piebald d, weight 150 grams. Dose: 500,000 ‘Trypanosomes. (H.B.F.) 


| | | | | 
рр - | t | 28 2 4 5 | 6 7 | $ 
Parasites рег саат. ... " — | — | == | ңа 3,620 | 8,400 2,520 | 7,280 
Temp. | 36 34 | 42 | so 42 | 66 48 | 35 
— See 1 S 
ў | mm EE MN | | 
Day ein iP om 10 il 12 13 14 | 5 
| | | 
px | 
Parasites рег с.т... ..| 12,000 | 6,200 | 7,040 11,000 | 80,000 | 18,432 120,000 
MESS du 75 34 22 40 44 а 22 


Note slow rise in numbers of parasites. 


Rar 1t.—White 9, weight 148 grame. Dose: 500,000 Trypanosomes. (H.B.F.) 


i | 
Day AA ves Py 1 | 2 | 3 4 5 | : : 
| | > ee N E 
С eae 
Parasites per c.mm. xw imi | n ae СУЎ рй par 
Temp. ... 3" e. coo | 4 Е 
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Rat 11—continued. 


| | 
Дау еге zn ao 8 9 10 " 12 з уц 
| | 
HE | =. 
Parasites рег c.mm. — ... “| 2,580 1,040 52 1,032 | 2,348 | 26,400, $10 
Temp. ... сес се 7 66 52 50 
1 
--- --- | 
Day | 15 | 16 17 8 | = | = - 
= И >As 
+ -a 
Parasites per стт. — ... | 7,360 | 12,120 | 31,460 | 85,469 | — EA 
Temp. ... | = - E 
| 


Note the slow rise, and thc long period between the crests of the first waves, due probably 
to the great resistance of the animal. 


Rat 12.—White Ф, weight 138 grams. Dose: 600,000 Trypanosomes. (H.B.F.) 


Day dco anc ... 1 2 2 | 4 5 6 7 
E | | ERE. 
| ҮС 

Parasites рег c.mm. — ... eM -- EM сі — | 16 4,620 | 1370 
1 
Петр m m | 34 42 | 54 44 54 74 6 


Parasites рег cmm. ... 4! 34,272 | 6,048 | 3,640 | 24,360 | 215600] — | — 


Temp. ... BE 44. | 64 бо | 40 63 46 =: 


This animal was pregnant, and gave birth to five young rats on the tenth day. 


Rar 13.—White, weight 140 grams. Dose of inoculation = 200,000 Trypanosomes. (1.6.7) 


— ЕЕЕ ТИ ШЕ 
Бау бс ТЕ a 

Number of Trypanosomes per | of iun par 

c.mm. .. id 

= —— 


Day d с В 9 


Number of Enc per 
cmm. .. ... en o 
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Rat 13—continued. 


Day m o 45 1% 16 — d — — | = = 


Number of Trypanosomes per 
Cun mE ssn 118,272 | 162,288 — — = = == 


This animal was pregnant, and gave birth to eight young rats on ninth day. 


Rar t4.—Piebald, weight 227 grams. Dose of inoculation = 200,000 Trypanosomes. ()-б.Т.) 


| К . 
Day i 2 3 4 5 6 7 
Number of ме рег | : | 
cmm. ... - 1 = = == но | 45,600 | 66,240 | 7144 
| = 
| | | 
Day .. .. т. 8 | 9 10 11 П = 
НЕ eee Биыл ее ененен 
Number of aaah per 
c.mm. “= m ... 50,232 | 77:440 | 250,000 464,640 | 300,000 — == 
| 


Rar 15.—Piebald, weight 104 grams. Dose of inoculation = 200,000 Trypanosomes. (1-6.Т.) 


1 П | 
по с tes) - 1 REINES: | 4 5 6 7 
Number of Trypanosomes per | | 
emm ME МЗС) = — | EX + | 4620 | 45449 
. : j | 
Day n. А E 8 9 Hee 6 ABO do -- -- = 
Number of шше рег 
tm ше e| 24472 | 445352 | 19128 | ооо] -- == == 
| 


Rar 16.—White, weight 58 grams. Dose of inoculation = 200,000 Trypanosomes. (J.G.T.) 


| 
Бау “шла 22 752. | 2 | 3 | 4 5 6 7 


Number of Trypanosomes per 


Number of братове ud 
cmm, ... 


126,000 | 86,640 | 121,600 189,000 | 160,800 — 


Temp. 34 52 20 34 18 = сді 


Note ‘staircase’ rise in the numbers of the parasites. 
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Rar 17.— White, weight 62 grams. Dose of inoculation = 38,000 Trypanosomes, (16.7) 


Day сес “fa cal | 
| 


Number of Trypanosomes рег | 
слит. ... ... m ТА == | 


Temp. ... сс E T 


Note initial fall in numbers during first 24 hours. 


Я 
tenen 
mz кене 
aa a Бан 
me ната ЕЕЕ 
ЕЕЕ ЕЕЕ | ТЕС 
(Еее | ndr 5] 
(ЕЕЕ егеп d 
се ее) Берен 
SEs 
ES gue eS) 
Sas S 
a= as 
Е ЕЕЕ Бәле 
Lm Rem сәні 
prs Бест en] 
EE —— | = 
= == | 
p enim gem AP Rd 
РЕ 
| Е 
Go 
= ais 
Reso 
=== 
pee EI 
ES 


Снавт 2.—Graph of Daily Counts of the Parasites in the Blood of a Rat inoculated with Т. 
siense. Continuous rise. (See record of Rat 18.) 


IL.—RATS EXHIBITING CONTINUOUS RISE IN THE NUMBER 
OF PARASITES 


Rar :8.— White б, weight 108 grams. Dose of inoculation: two million Trypanosome- 


(H.B.F.) 

Day Gu д =. 1 2 3 4 2 | у ; 
=з се Еш 22-2 22224 

Parasites рег emm. — — 20 45388 | 17,940 | 26,240 us 

Temp. ... act Ob 34 42 59 4 d 

We cL 
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Rat 18—«continued. 


TABE 
| | 


Day 


А M 


и ыы 
qoem 
Parasites per c.mm. 1 129,024 | 175,200 


Temp. 


5 


The graph of Rat 18 is represented in. Chart 


Rar rg.—Piebald, weight 137 grams. Dose: 1,300,000 Trypanosomes. (H.B.F.) 
| | | | 27 
Day pe 1 | + | 5 6 7 
--------- в ———— 
Parasites per c.mm. — — — 4$ | 4,920 | 9,800 | 26,880 
Temp. 40% 4o $2 62 | о 62 52 
| 
= Tuum -- : i 
Day ae T | 8 9 10 -- -- = = 
Parasites per c.mm. 31,000 | 51,080 | 160,000, — = = 
| | 
Temp. | oH 3o - - = | - 
| | 
Rat 20.—Piebald 2, weight 182 grams. Dose: two million Trypanosomes. (H.B.F.) 
Ж ТЕ | 
Day v 3| 4 | 6 gj 8 
—- aa — ет == 
Parasites рег c.mm. -- | -- 20 | 4,352 | 6,649 | 7,776 20,088 | 126,000 
Temp. „| 36 36 | 34 $2 48 | 17 то | o 
і 
1 Өлен ee = 
Rat 21.—Piebald 2, weight 130 grams. Dose: 1,500,000 Trypanosomes. (Н.В.Е.) 
7 i n 
Day .. En 1 2 3 + | | б 7 
Parasites рег c.mm. eb = — == 36 3,888 | 42,200 | 58,800 
Temp. zi 38 36 38 о | 58 
| - 
| = 
Рау E 3: 8 9 15 d шкі АИС RS 
Parasites per c.mm. 86,832 | 97,200 | 112,000 | T4000]. т Ех | Uam 
Temp. M. 16 50 20 o =ч | 
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Rar 22.—White 9, weight 125 grams. Dose: 1,500,000 Trypanosomes. (Н.В, 


| 
Day 


sel 

. Ы [| 
Parasites рег слит. — ... E 
| 

| 


`Гетр. 


170,000} 
| 160,000} 


Снавт 3-—Graph showing Daily Counts of 
Rat inoculated with 7. gambiense. Periodic Variation. 


(6) Trypanosoma gambiense 


I.—RATS EXHIBITING PERIODIC VARIATION 
two million Trypanosomes 


Кат 23.—Piebald, weight 173 grams. Dose of inoculation : 


Day 


Parasites per c.mm, 


Temp. 


D ———— . 
———— 
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Rat 23—continned. 


Day 


а 


10 и 12 13 14 


Parasites рег стт. ... ..| 48,000 | 68,728 | 125,860 | 18,764 бсо | 9,280 | 60,712 


Temp ... .. E e| 465 65 50 50 66 35 
Бау E ae e 15 16 17 18 19 = = 
2 ————————— [ыы л ә. 
Parasites per сти. .. ...] 130,000 | 1425000 | 100,000 | 240,000 164,000} — — 
Temp. . .. 2. En 34 40 55 її — — 


The graph of Rat 23 is represented in Chart 3. 


Rar 2g.—White g. weight 165 grams. Dose of inoculation: 500,000 Trypanosomes. 


(H.B.F.) 

Day ES 27 3 1 | 2 3 4 5 6 7 8 
Parasites рег cmm. | — — — == = + 6,000 | 1,920 
тер. | | 39 54 3+ бо 64 74 52 

9 10 п 12 13 14 15 
Parasites рег слил. .. | 120 200 зоо збо | 28,800 | 16,800 138,240 
Шеп з 202 2 5% 20 54 54 58 19 


Rar 25.—Piebald 3, weight 155 grams. Dose: two million 'Trypanosomes. (H.B.F.) 


Day T on =e 1 2 d + 5 6 7 
Parasites per c.mm. = „= = 3,080 17,080 | 90,009 160,000 
Temp. 50 22 10 44 66 

е АВВ: 

БЫ 220 ғ 8 9 12 13 D. 
Parasites per comm. .. «| 19,100 | 7,900 10,080 | 76,800 | 38809 | — 
Tempus m Er E 26 42 10 B 9 EN 
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Rar 26.— White 9, weight 150 grams. Dose: 150,000 Trypanosomes. — (H.B.F.) 


Temp. ... oue éco 21 48 


Бау ocn v 2. 1 2 3 + 
Parasites per сти. — | — — | 
46 | 65 | 


55 


го и 
Parasites рег c.mm. 768 1,680 | 2,860 


Temp. ... ae "er 25: бо 44 46 


Parasites рег comm. | -- 1 -- 


pu | 
ay Жол А л ТЕ: E i 


semp ТА aes e 61 | 49 


| 1 
ОЗ о | 10 it 12 13 Uns : 


23,276 | 55,224 | 67,096 | 57,552 6,120 


Parasites рег слат. — ... 2.1 146,880 | 69.400 
| 1 
Тетр. ... M. EE бары | 36 | 36 3$ | | 
зе нне нае 
Кат 28.— White, weight 101 grams. Dose of inoculation: 60.000 "Trypanosomes. gen 
| EN. 
Day и... 1 2 3 | 2 | Е 
Parasite: рег cmm. e| o — — x: Е n | bt 
$6 
Петр... 006 cnt md 59 70 42 se | 


Parasites per cmm. ... e] аб | 3,648 24,904 | 90.560 | 118,700 | 142329 270,00 
Temp. .. ... see bse 4+ 42 34 26 24 ? 
2 ee D Rs eee 
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Rat 28—continued. 


| 5 | 
Пау oes E | 15 | 16 17 | — E qoc == 
| | Ба 
Parasites per emm. ... 2. 100,000 | 200,600 | 6,048 = — — — 
| | | 
Temp. ... see E 2) 7% 42 — 2 — — -- 
) 


Rat 29.—Piebald 2, weight 230 grams. Dose: one million Trypanosomes. (H.B.F.) 


REY е т 2 | 3 | + 5 6 7 
| J 
eS 
Parasites рег отт. 202. — | — | 364 | 3328 | 6,600 | 28,080 | 12,600 
Temp. Т 36 о 56 бо 47 82 56 
| | | | m ты etel | 
>. — — = —— КЕ == у | 
Day AS oe №. $ y | го ШИ О а | 1 | = 
EM 2-52. CANA [o ~ 
Parasites per comm. — ... es 2,808 | 16,380 19,360 | 150,000 | Tx EH | ж 
Temp. ... n T ы Об 5 S Exo 99 qp ж | E 


IL RATS EXHIBITING CONTINUOUS RISE IN THE NUMBER 
OF PARASITES 


Кат 3o.—Piebild 9, weight 125 grams. Dose: 500,000 Trypanosomes. (H.B.F.) 


Day jon AT EI 1 


! 


Parasites per c.mm. 


ШЫНЫ» 480 a >: ә 4 76 


ET 
| 
E 


Day 8 9 | го [m 12 13 14 
85% | [a Le Ene || ee 
| 
Parasites per слит. 2.20.) — $ | 2,112 | 2,600 | 3,120 |159 1§3,000 
ШЕШЕ зо ао За (Б 65 42 34 58 26 
Ж | = = АТ 
Рау "E ^d 15 | 16 
Parasites per слит. “| 181.440 | 540.000 Ж. ч - 
Temp. газ 36 — ше =" 
МЫ... СЕЛЕН “| 
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Rar j1.—Piebald $, weight 100 grams. Dose: 85,000 Trypanosomes. (Н.В.Р. 


Day T ce noel 1 2 3 + 5 5 
E у Ln 
Parasites рег cmm. — ... elo— — — - 3,000 | 12,990 | ций 
Temp. ... Ke T E 34 30 34 32 ý 
| 
Day 3c oes ses 8 9 | 10 
Parasites рег слита. ... ... 244,000 | 101,400 E 378,560 | 216,000 
Temp. ... A. ate e 34 4+ 42 


Рау ВЕС пез Е 1 2 3 
Parasites рег c.mm. ... - — — 1,680 
Шет: eon con E 34 34 


Day р ose í 8 9 ло 
— —— co o EU d 


Parasites per cmm. 2. +++] 220,500 | 409,600 | 504,000 | 360,000 


р. о M 3+ s 
: 1 


Кат 33.—White 9, weight 40 grams. Розе: 100,000 Trypanosomes. (Н.В.Р.) 


Day эс В wis 2 3 4 5 
— Mun ааа ЕВЫ 
Parasites рег mm... О -— — 32 | 8.100] 45,450 
p ш. 34 45 


h Таи rat was young. It is interesting to note that a count was made оп the third day, five 
" ua after the first count recorded in the table. There were then 544 parasites per Cn» T 
5 р nore 
n = 17 times the first count, showing that four divisions of the parasite had taken place ia five 
honrs. 
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From these tables it will be seen that young and light rats, such 
as Numbers 18 and 33, are less resistant than older and heavier 
rats, e.g., Numbers 1 and 23. 

It will also be seen that when the initial rise is rapid and high 
the rat soon dies, and does not show periodic variation. 


COMPARISON OF THE TWO STRAINS IN RATS 


We now append a table, for purposes of easy comparison, 
of various points regarding the two strains in rats. The figures 
are compiled from the foregoing data, and relate to enumerations in 
seventeen rats exhibiting periodic variation, and of five rats 
exhibiting continuous rise in the case of T. rAodesiense ; also of seven 
rats exhibiting periodic variation and of four rats showing 
continuous rise in the case of 7. gambiense. 


(a) T. rhodesiense 


} ! 
Weight in | Incubation | Duration No. of Approximate 
Мо. Colour | grams period in | of life in . Trypanosomes No. of Divisions | Remarks 
days | days inoculated in first 24 hours 
UM E ЕЕЕ | 4 HN CC 
t | Piebald 187 2 14 1 million 3 (7 to 8 divisions in 
next 24 hours) 
2 | White 108 2 to 350,000 7 
3 | White 125 \ 9 2 million 8 
4 | Piebald 220 1 13 $00,000 8 
5 | White 120 3 [m 759,000 2 
61 Piebald 100 3 9 | 1 million 8 
7  Piebald 189 2 9 30,00€ 4 TA ч 
$ White 196 1 13 100,000 Fall (10 divisions in next 
à 24 honrs) 
3 | Piebald 100 1 12 $00,000 8 
ю Piebaid 150 3 15 $00,000 8 
noo White 148 3 18 $00,000 3 
12 White 138 4 12 600,000 8 Pregnant 
3 White 140 4 16 200,000 i Pregnant 
14 Piebald 127 1 12 200,000 5 
5 Piebald 104 4 11 200,000 10 
16 White 58 4 12 200,000 8 
17 | White 62 4 8 38,000 Fall 
18 | White 108 2 9 2 million 8 See Chart 2 
% Piebald 137 3 10 1} million 7 | 
20 | Piebaid 182 2 8 2 million 8 | 
и | Picbald 130 3 TI 13 million Z 
22 White 125 H | 7 1} million 6 
| | Average ... 780,000 


RR 
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(8) 7. gambiense 


1 1 
| | Incubation | Duration | No. of Approximate 
Colour | Weight in| period in of life in | Trypanosomes | No. of Divisions Remarks 
grams days | days inoculated in first 24 hours 
кы: й ызадан a 
Piebald (eA M 6 9 | 2 million $ See Chart ; 
Whitel 165 5 15 | $00,000 10 | 
Piebald 155 3 13 2 million 3 | 
White 150 | 6 15 140,000 8 
White 113 5 15 60,000 7 
White | 101 $ '7 60,000 a 
Piebald | 230 2 1: 1 million 3 
Piebald 125 $ 16 $00,000 8 
Piebald 100 4 г2 85,000 z | 
Piebald| 165 2 11 1,500,000 3 | Not very тема 
White 40 2 8 100,000 $ Young 
<--——— 
Average ... 723,000 
| = 


From the foregoing tables it follows :— 

(1) That the average incubation period іп the case of 
Г. rhodesiense was 2'9 days, whereas the average incubation period 
іп the case of 7. gambiense was 44 days. 

(2) The average life of rats inoculated with 7. rhodesiense was 
13 days, whereas the life of rats infected with Г. gambiense was 
13'8 days. 

These inferences are legitimate, for the average weight of the 
rats inoculated with T. rhodesiense was 1 38:8 grams, whereas the 
average weight of those inoculated with 7. gambiense was 1] 
grams. Also the numbers of trypanosomes inoculated wer 
nearly the same in the two strains, averaging 780,000 and 723,00 
respectively. 

(3) On comparing the number of divisions of parasites 
occurring in the first twenty-four hours in both strains, we find 
that it was approximately the same, namely, six divisions on the 
average, and varied in each case from two to ten divisions, mos! 
frequently being eight. 

(4) There is also a shorter period between the crests of the 
waves in the graphs denoting the number of trypanosomes in 


ee 


* M » . . 
жақты Ss вше mean the interval (in days) from the moment of inoculation d d 
4 € host till the tine the t a ic millimetre of the 

peripheral blood of host, € the trypanosomes are first found in one cubic millime 


435 


the Rhodesian strain (about three to four days) than in the 
laboratory strain of T. gambiense (viz., four to six days) (See 
Charts 1 and 3.) 

(5) The difference in morphology between T. rhodesiense and 
T. gambiense has already been noted by Stephens and Fantham 
(1910). 

(6) It follows, especially from the incubation period and the 
duration of life in sub-inoculated rats, that the Rhodesian strain 
is the more virulent. The difference of virulence is more markedly 
shown in the duration of life of infected guinea-pigs (see p. 457). 

Curiously enough, we find that the incubation period does not 
seem to be affected so much by the dose (number of trypanosomes) 
inoculated as by the resistance of the animals. (Cf. Professor Ross's 
‘Prevention of Malaria’ (1910), рр. 94, 95.) 


ENUMERATIONS IN GUINEA-PIGS 


Exactly the same methods as already set forth were followed 
in the counts of parasites in guinea-pigs. The same two strains of 
trypanosomes were again used, five animals being inoculated with 
each strain. We append tables of our results, together with typical 
charts. 
rhodesiense 


Dose of inoculation: 500,000 Trypanosomes. 
Duration of life 79 days. (J.G.T.) 


ig EE 


GuisrA-PIG 1.— Weight 346 grams. 
Incubation period 6 days. 


Day | 1 | 2 | 2) | + З) 6 2 
Number of Trypanosomes per a Г г 1 | 
emma №... -- | = S ШЫ и | i 
Leucocytes ә а | — 6,000 | 7,680 P 13,000 | 6720 | $884 
Temp. = | ga ss 76 E a E 
Weight in grams у 4 — 346 — ME— udi ^ - x 
1 Ш 
= = — = | 
Day а & e 8 9 iG E. | Е alee: 
RS S s ШЕ w m 
Leucocytes 18,944 | 11,328 | 13.440 4,920 26,400 10,789 | 9,408 
Temp. 75 74 79 P ii E Е 
Weight in grams ees Xub cm | = pr M B n E 
o и е о  ——— 


| n 


Снлиг 4.—Graph of Daily Counts of 
(See record of Guinea-pig 1) 


the Parasites in the Peripheral Blood of a Guinea-pig inoculated with T, rbodesrensc. 


i 


Periodic Variation, 


gtt 
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Oinak Daa | 


Day E s.. 4 15 16 UA # => 21 
Number of ШУ ne ЕЕ E | | 
c.mm, «| 68 | то 216 8,712 1,010 1,936 $04 
Leucocytes ә — — | = = 
Temp. $o 8o Р Zr 76 8o 
Weight in grams x sH å — | 408 | E = pr et. 
| ute е — 
г а | 
Day 22 23 L 24 | 25 26 27 it 
Number of а 24 ен Ее | | 
emm. ә) 1,152 1,360 8.576 | 8,064 9,936 28,224 | 15,504 
Leucocytes b i “+ — 4,200 24,384 | 14,400 | 24,360 — — 
Пе cho IT 2 7.7 26 76 74 76 - 8o i $i 
Weight in grams — — = — — — 
Di 29 3o м 32 | и E 
n of ooo T, o | | | u | 
cmm. ...| 29488 | 32,320 | 25,200 | 16,800 | 15,792 | 23,200 | 30,944 
Leucocytes ЕЕ = — = | кән — — 
"Temp. 8% | 82 8o SONA — 94 
Weight in grams sus Tn - 425 | - | 479 zm т Е 
Day | 36 87 38 39 4o | H A lz 
тае of о Рег | 23,688 | 16,800 фи кән mE а 
Leucocytes ET ... | = — = = = Iu d 
Temp. $1 83 =: 5% — 82 = 
Weight in grams | — = 22 — — — — 
== КЕ Е z | Е 
Day 43 | 44 в | 46 | 47 48 |же) 
Е | } 
йок Eres is 11.172 | 21,334 | 14784 | 30,448 | 24,812 | 17.952 | 12,960 
Leucocytes m t z= | =, = — — 
Temp. = | = - |= = F = 


Weight in grams Bo e|] — = 
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Guinea-pig 1—continued. 


. ш Дд в 
Number of [Уразы рег | 
c.mm. ... ies - 9,920 — 17,612 ! 26,496 
Leucocytes 220 coc ej — к “И А С 
Tempas tis see | — = = s 
Weight in grams 5 э — = = = 


The animal lived for 23 days after the last count was made. 


Тһе graph of Guinea-pig 1 is shown in Chart 4. 


SUINEA-PIG 2, j.— Weight 880 grams when inoculated; 614 grams at death. Dose of 
inoculation : VENDER ono Dune of Uem уе ooo Trypanosomes. Duration ^ life 28 days. (H.B.F.) 


Temp. ... Ves 552 


Бау E ... .. 1 
Parasites per comm. ... | — 
1 | 
Рау "| 9 то 11 12 13 | 
Parasites per cmm. ... M. $ i| 100 150 1,000 896 | 1,680 | 7,997 


Day св 359 ШІП 16 17 18 19 


| 


Parasites рег с.т. — ... --| 6.000 | 5,632 | 7,200 | 21,600} 45,600 


Temp. ... e 45% Vis 63 75 Зо 7o 73 E 
—————— o S 
| 
23 24 25 26 27 28 
pu 


Gn -4 6,720 | 4.416 18,720 | 9,600 | 6,000 bs Died 


Parasites per c.mm. 


Te 
стри. ы oe «| So 82 10 64 78 ; | 
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Guwra-PtG 3, j.— Weight 952 grams at time of inoculation; 880 grams at death. Dose 


of inoculation: two million Trypanosomes. 


Duration of life 82 days. 


(H.B.F.) 


25; 46 +7 48 49 3o 
| 
Parasites рег с.т. aes Interval 12,600 | 80,064 | 68,448 | 23,562 | 9,972 
of 38 days’ 
Temp. vacation 32 44 4o 38 m 
par 5i 52 53 54 ss | 56 57 
| ШЕ --- 
Parasites per ¢.mm. +840 2,320 | 6.040 7.200 3600 | 2,560 | 4.254 
Temp. : 44 30 40 68 26 | 28 
| | t 
Day 58 59 бо bt 62 63 64 
Parasites per c.mm. | $,600 | 12,480 | 23,296 | 3.328 | 4.320 (боо | 3.072 
Tek es e 4o 4o ы 34 30 34 
- о 
Day 65 66 67 6$ 69 7o 7i 
| 
Parasites рег c.mm. 6,400 8,640 1,280 2.080 1,024 768 1,200 
is 46 3o ы 40 42 43 
рз. ee ee 
EET ке ICM LS I Е 
| 78 
zs | 72 73 7 75 76 77 7 
| =| = seal 
Parasites per c.mm. 10,560 | 6.048 $880 2,480 4,320 5,760 | 4,032 
Temp. (038 yo 32 32 33 26 
| 


M eee 
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Guinea-pig 3—<continued. 


! 
Day eee 2d 79 8o $1 82 | 
[p n —— ы. - 
ust | i 
Parasites per mm... О 1,290 720 140 | 6,000 
Temp. ... Осо ds a 24 49 36 | 1 


Guixea-PlG 4, G.— Weight 440 grams at time of inoculation; 402 grams at time of death. 
Dose of inoculation : two million Trypanosomes. Duration of life 57 days. (H.B.F.) 


Parasites per с.тт. ... on = 2920 
Шетрі 55 бізе zen 22 уе 
| | 
Day^ 07-ы ВЕС 47 48 | 4 9,5 
Parasites per слим. ш... Interval 10,000 | 67,392 | 113,568 | 33,880 | 96,10 
of 38 Шау” 
ТЕПЕ» ссе ге o are vacation | 20 24 | 46 32 
| | | Шел 
Ша зы в. | o a СТТ 3 57 | 
ЗМИЈЕ ЕР I 
Parasites рег c.mm. x $9,000 | 26.740 . 14,864 | 7,168 | 3,024 | 24,720 | Died 
ешр -со ссе сз qo 36 


GREH | æ z 


GuiwrA-PIG 5, Q.—Weight 492 grams when inoculated; 447 grams at death. Dow of 
inoculation: r} million Trypanosomes. Duration of life 51 days. (Н.В.Е.) 


| | 
Day oe ms 4 1 zt 3 | 4 ЖЕР © ж 
Кн 02 ЗН Eee 
| | 
Parasites per emm. ... -| — = | = ==: а а m М 
| 
Temp. ... “+ ess oct | 3o | 
1 
і END Е Se ee 
т 1 | T 
Day con nt te 8 | 10 11 12 B 
| 2 LE NUNG =ош 
Parasites per стап... "I | — i1 — 12 4 56 ч 


Temp. 52 АВ ool 4+ | 49 48 48 | +6 | xi | 


CS Std-vaums jo рдозәз 925) cuorimutA IPOH ‘эианерода “1, wr pou [noour Sid-eaumz) x Jo poor prydnad oq ur soyisvaeq aq jo UNOG Кред jo чЧелсу—% чуну 


MESE SES at H КЕДЕ O a 
О PAE И 
HHHH H HHHH e HH ed cE Б ЕКЕ | 

| БИШЕ "HH H КЕШТЕ 
| Jc Leos 
EA fo Pol ООД i ЕСІ 280. 


| 
| а 
ШЕ a РЕ ОО RC ERRARE QR UIT ИШ 
BE EERERERERYHEREREEREERE ШЕШИП E i LE | 


Ty 


ЕП Ч 
оосо 


locos 
| E | ü ыы EN Балы 
n Н 
looo'st 
Jl | | | 
| Ка |Я| EHE БӨ ЫШ ЛЕШ А ы фосе’о9 | 
à TESS || [ШШ IO в || ШЕШ ЕШШ Б E 90059 | 
5 ET тег en ан ақтас Тал” а. ША”, ЧЫЛ ee © оо N ex е 1 
Goo ы ш r ы уо n о м m ә оз эз 1 02 0252-20 Д Ф own о SS 
СЛЕД ЕЗЕЗЕЛІЕСЗЕЛЕЛЕЛЕЛЕЛЕІ СЕНЕН te w= ош =з mt 2 S ) ае йыз 
Шаманы Җый dp UN МН ZEE 
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Guinca-pig ;—continued, 


— eee O m 


1 


Day ds n 50 41 10 0 18 19 20 n 
| | | 
| | | | | 
Parasites рег стт. ... 247 36 | 4 4 148 76 240 120 
Temp. 36 $2 | 30 46 3+ 3° | u 
Day 22 23 2:1 5 26 27 % 
Рагазцез рег cmm. 2,700 | 3264 | 432 оң 
Temp. 12 25 26 
i | 
Day m xt Ж 29 | 30 ET) xn 33 34 $ 
————————T——À4 ҖЕ 2 | —- 
Parasites рег emm. ... " 4.200 6,400 5.440 | 2,744 2,352 | 3520 | 14800 
Temp... ena noc "j 23 38 l 24 | 38 + 20 | 
= mE E ——— ——— — M ———— телді 
Day AY. E » 36 37 38 39 4o 
2-2 M— M ÉL 
Parasites рег c.mm. 35.200 | 15,6080 | 15.760 | го,ооо | 9,408 
emp go без "j зо ғ 38 40 49 
що И a ely 
т Т рр  ,—ы> _ ——ыы—— М 
Day 43 CONUS ОЮ | 47 | 8 | # 
ner № | | E 
Parasites per cmm. 1,120 | 19,600 | 9.600 | 29.568 | 27,320 | 60,624 | ^ 
Temp: so | ніз 3o 28 ES 
Не, В | 
== = EE. 
Day Sas Жү» i. so 5! | | | | 
А (БЕ. 
АЕ | NET к" 
Parasites рег comm. — ... ++} 96,880 | Died - — = | 25 
Temp. b.. 38 o = — А m 
! 


| 


The graph of Guinca-pig 5 is represented in Chart 5. 


++. 
2. T. gambiense 


Gumra-PiG 6.— Weight 403 grams. Dose of inoculation: 4,000,000 Trypanosomes. 
Duration of life 79 days. (J.O.T.) 


| G Т i 
pit a t 2 | 3 4 | 5 6 7 
Е | = | - 
Number of Trypanosomes рег | 
pes * = саз j nea — | 12 | 16 | 24 8 о 
Leucocytes 565 15 s - -- | = | -- | — - -- 
| 
ЭК» Шә) бы 5 ad 275 7z | | ы 70 77 
Weight іп grams n КЕ 103 | - -- — -— — 
Day 555 чай .. 8 9 10 гі | I2 13 14 
Number of Trypanosomes per пао иа 1 | | 
спит, se x. от 8 8 4 о | $ | 76 | 48 
Leucocytes T cec Bae — | — | а == | = = 
| { | 
ТО. 2 42061!) 85 86 | — | 9 8o 91 
Weight in grams E э — | | | ты та 
Day wis зде - 15 t6 17 18 19 20 | 21 
| | 
| E | 
Number of Trypanosomes рег | | 
cmm. ... 2 д .| 680 | 1,440 9бо — 272 449 416 
— 202041 — | ШЕУ | 
| 0 US — 74 76 ed 
Weight in grams e «e| 405 — — = E Ez а 
M px m 28 
Day E: 122 23 24 25 | 26 27 
| 
Numher oí T | Б 
) его ypanosomes рег 2 
emm, ... pE EN р ...| 1,296 420 | 489 | 270 | 2,552 | 15320 | 6,000 
| | : - I 
Leucacytes 2.02.0.) — — = Tx 
Зо 
о. A mE 82 | = | ET 72 
Weight in grams -- | - =) = == | E m 
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Guinea-pig 6—continued. 


Day 29 3o | 3! 32 33 34 5 
Number of Tar per | 
стт. ... e] 13.392 | 21,620 29,160 | 34.016 | 28,836 | 14.812; 1436 
Leucocytes — | — 12,428 — 16,200 | 7452 758 
Тетр. 74 — 86 — 84 80 b 
Weight in grams 427 — = ЖИА == E F - 
i | s _ 
Day 5d nes 21 7736 37 39 | 39 | 40 H ы 
Number of тураношнуса рег ] | | 
c.mm. ... эс 2 20:502. 3047 52,600 . 39,396 | 27,8401 67,032 [uae 
Leucocytes ... 8,856 11,200 ' 12,400 5,964 — (506, — 
Temp. = 79 76 р = 82 76 | & 
[ 
Weight in grams и = | == — — =?) 58 
E S- i ! == 
Day 3 44 45 46 насы” 
| | 
| | | Lr 
Number of Rp per | m 
c.mm. 88,000 | 100,400 — 45,080 | 110,400; 60,904 | 4949 : SH 
Leucocytes ft 535 ... 6,920 | 8,320 боо | 14,812 6,888 | 6,240 | м» 
Temp. 82 82 8o Ию я ® 
Weight in grams 538 = ШТ — | = | 
M AC. 5 T — ык саса". GB EN 
Day 59 51 52 53 5+ Do $ 
| | | —— 
Number of Шр шырт рег .! E i ber 
emm. ... C ... 32,544 | 99,000 71,680 | 75.674 | 745784 7412 61,607 
Leucocytes - 4,032 | 8,530 E e =. = ad 
ПШейр a 81 84 Ff di tue 86 78 2 
Weight in grams = as = | — l= м 
E | 
| | ! | 
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Guinea-pig 6—continued. 


Day es n S 57 58 | 59 бо бі 62 63 

Number of Trypanosomes per | | : 
cmm. ... E s | 67,926 85,184 | 26,460 | 56,280 | 33,600 | 70,752 $0,726 
| | | 

Leucocytes $e. ien 52: - 9.976 eei = | — — 
Temp. 22: 22 .. sub Ws 76 78 — | — 99 8o 
Weight in grams 72 әр 574 — — - -- 

Бау ns Е Е 64 65 66 67 68 69 | 79 

| c — | — 


Number of Trypanosomes per | А ue 
c.mm. ... tes 555 ..| 64,000 | 50,232 | 27,456 ; 44,000 | 63,962 91,056 | 72,432 


} 


Leucocytes "m ds э — — — 5 E | 19,152 | = 
| 4 
WV о бс A „| 80 - == = 76 | iy 2 
Weight in grams s 227 (10 - == — == = E 
Day A >. En | 72 73 74 75 76 77 
| 
1 — == 


Number of Trypanosomes per 
стт... үн Am E 7,624 | 62.800 | 72.384 | 100,128 62.496, 75, 


in 
ы 
о 
+ 
SZ 
4 
un 
е 


Leucocytes 3k = ecc = = к Ж”. d 7 
Temp. ... br P aN = E E3 E Sire 
Weight in grams T3 .. = — (Б E > | E И 
| — 
Day sas a 1а 78 79 = | > | Е 3 
= | E 
Number of Trypanosomes per | ! — = 
cnin c e | on 5 14 80,808 | 51,176 | Died a ры 
Leucocytes i st "| — E zd Ж | , 4 Г 
"oun dec Com ES -M 3 | ү 1 
Weight in grams fe T — = X > p. | в 
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GuiNrA-PIG 7.—Incubation period 4 days. Duration of life 10$ days. (С.Т. 


Day Г 20 21 22 | 23 24 | 25 % 
-—————— É ——— ES 
Number of ВН. рег | | 

c.mm. ... e| 30,1909 15.020 | 6,784 4.280 | 3,852 30400 4200) 
1 
Temp. = $6 8o | 76 83 | $9 g 
Weight in granis 25) | E — 534 T — - 
Leucocytes — 1% 
Day st x m 27 28  , 29 30 3! 32 5» 


Number of daa. per | 


слит. ... с 25 4 32.212 28,120 | 7,914 15,608 — 13,860 E 
Temp. ... > "oc .] 86 $o 85 84 $2 85 E 
Weight in grams 25 xd em -- - -- -- — 5 
Leucocytce "e 508 Ere -- — — — -- — = 

| EM 
Dav eae Ex К 34 He | 36 37 38 39 £ 


o ult c D м 
Number of es per | | 


m ad | 8,040 13,784 | 8,460 9,720 обо 32,572 7 
| г = 
Temp. ... dms "E Au 84 107 до 8o 76 75 
Weight in grams Aon e] — == | = 467 = in F 
Leucocytes one sen | — = E En Тә iU й 
i i | —— 2d 
Day 41 42 43 ++ 35 46 5 
|. 4 mui. 
Number of Trypanosomes per ` 2 
cmm. ... t+ 0 16,992 | 10,000 | 3,840 132 ом 
Temp. ... p ac 2 R2 So 82 84 84 р J 
Weight in grams AS . -- == = ал | m m ў 


Leucocytes 


. ... -- — — == 


mo ВИНЫ | 
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Guinea-pig 7—continued. 


| 
Вау zl 48 49 
| n pom 
Number of Tapa per 
c.mm. ... 3 0 р 552 1,440 
Temp. = | 78 
Weight in grams -- = 
Lencocytes = =з 
Day $ | 56 57 58 59 fo ё 
Numb P Е | 
urgber о. Шалы рет | 2 А TY 
c.mm. ... a NEU | 26,416 18,368 | 8112 9840 3154 54% 
Temp. о | 78 75 74 74 7 Ба 
| | - 
Weight in grams — — = — i ғ 
Leucocytes 10,408 12,480 | 24,832 | 23,972 15,920 | зовн 22,116 
T i | 
Day 62 63 | 6 65 66 | & | & 
1 E па ЕШ 
Number of 4 da юше D ! m 
кпш e. 19,244 ' 19,584 | 13,760, 11,360 | 8,640 | 9592 77 
Temp. 73 78 80 8o | 8o | 79 Ó 
Weight in grams — ЕЕ = = — | - y- 
Leucocytes ‚ 18,564 | 18,432 - 26,960 | 20,480 41,272 
E айп 6280 .— Lose i 
— 2” E > ; : А 
Day 69 | 7° 71 72 73 7+ d 
RNE | L mum 
Number ой Trypanosomes per i [ 4 
етт. С. ш, vee) 15,800 | 23,848 | 42,480 | 57,240 45,800 | goro tat 
Temp. 677 Зо 8o 86 84 30 22. 
Weight іп grams Sees ЖШ = ON Ж зоо -| u = 
| = 
Leucocytes (local) a i 12,672 | 25,040 | 15480 | 14,560 | = 


449 


Guinea-pig 7—continned. 


Day 76 77 78 79 8o 81 82 
Number of Try panoromes per НЫ | y WA 
c.mm. à 5 12,180 21,328 70,000 | 21.160 ‹ 32,944 9,048 7,392 
Тетр. 80 8o 8o 86 84 84 84 
Weight in grams - - - - — — 
Leucocytes — - E = 
Day 83 5+ 55 86 87 88 $9 
Number of Trypanosomes m p м NS A 
emm, ... .| 9,056 12.760 25632 42.000 25.000 10,570 31,680 
Temp. = $6 85 80 = - = 
Weight in grams = = 513 Е - 
Leucocytes = aa = " a = = E E == 
Day 9o 91 92 93 94 Ex 96 
js da i cone ка 24,180 , 35,112 34.368 17,248 21,648 13,532 17.920 
Temp. 82 = = 
Weight in gram: = E = = = Е. = 
Leucocytes =: — — 24 — = = 
Рау 97 98 99 100 101 102 103 
Number of a per К | a 6 
сап, .. ...| 10,248 23,832 21,888 | 13,072 | 39,128 .- 25,57 
Temp. г. E — — — — [у са == 
Weight in grams = = — — — == = 
Leucocytes — — — — = = = 
mami 0 ^T" сылы ЕЕ — гг T cw m Ж 
Day tes 104 105 3x се Ж Ec. AUS = 
= ћ | ms 
аш ы шон. рег ПЕ м DEI Á E -— E 


Temp. 
Weight in grams 


Leucocytes 


The graph of Guinea-pig 7 15 represente 


Cc 


d in Chart 6. 
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Салхкл-то 8, $. Weight 867 grams at time of inoculation; 830 grams ол 9214 day; 75; 
$00,000 Trypanosomes. Duration of life 


grams at "death. Dose of inoculation : 
130 «ауз. (H.B.F.} 
Sw | E 
Рау “С ia a 1 2 1 | + 5 № 6 
Parasites per cmm. ... E — | = $ + Interval 
| of 38 day? 
‘Temp. 30 | 15 | 56 | vacation 
i 
Day E 5 a 45 46 47 +5 +9 50 3 


ИЕ = ат = 


Parasites рег c.mm. 4 7,540 8,640 5,808 13,156 14,400 18,000 1,289 


Temp. | 26 16 20 | 44 20 Sho zs 
i | 

EN о ЯШ mit ee 

Day ET е Са 53 54 55 56 57 я 


Parasites per c.mm. 4,896 1.792 576 11,000 9,600 12,800: 18,200 


‘Temp. ... se e EE Ш 46 3o 33 M Жо; 59 $ 
| ШЕ NN 
Рау 59 бо 61 62 | 63 ég 6 


Parasites рег comm. ... ...| 9216 1.024 2,916 | 6,000 
" I 
Temp. ... T элс en 36 54 36 | 26 | 34 бо б 
о | 67 68 69 піл P 
ИШ O S 
Parasites per салт... “2 1,220 1,440 720 1,624 2460 (боо 1 1152 
Temp. ... 2 E 5: 90 46 . 26 50 cx Í 26 5 
» і 
M o U И MAS. 
Day | Ж 
_ Day sss ser 74 ТЕ 75 | 76 77 | 78 n 
ONES | — № = 
Parasites per 
per cmm. — ... „ 6.624 4,480 5,760 | 3,600 zs 5,760 | 2.016 г 2409 
Мер, в cet ET ‚© 
| 
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Guinew-pig 8—continued. 


Day бо | g 82 83 84 $5 $6 
hael aem aeos = 
Parasites рег emm. 6,600 5,600 $, дох 12,00 4,032 1,926 2,304 
Temp. 20 24 42 36 46 76 | 72 
z X cc 
Рау $7 SS 59 ac gt | 92 | 93 
| | 
a D = -— <= 
Parasites per ¢.mm. 2,184 | 16 1.920 7.84 4,608 | 3.26 040 
! 
Temp. 68 | 6y 66 64 64 | 68 7o 
Day ». | 94 9$ 96 97 98 99 | 100 
ЕЕЕ == 
Parasites per cmm. | 3.928 4,200 6.400 5,960 2,268 2,160 | 5,760 
Temp. 450 m 79 62 бо 64 62 
n Ж > Ur E 
Day | тот 102 103 19 105 106 | 107 
| | 
—— + [I 
Parasites per cmm. 18,680 19.584 ' 9792 | 33.000 — 36,960 | 5.490 9 боо 
Temp. | 38 56 Р 70 21172 | 66 
"T Il : me 
Day 108 | 109 110 тї 112 113 на 
EMI - 
=. а Ve | [Е EU = 4| I^ 
Parasites рег c.mm. 1$,000 | 17,920 | 14,400 | 16,000 19,600 | 8.640 15.680 
" | 2 8o 
l'emp. 66 | o | 76 72 
P 7 74 | 7 | d | 
| 121 
бау „Ий | 116 117 118 1:9 1455) р 
Бе MM | ШШЕ С—С 
= Tw 
1 240 
Parasites рег c. mm. 23,040 | 3,600 9,600 10,240 ' 6,400 12,800 | 10,24 
о 
Тетр. е 74 7o 56 76 6o 7 
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Gninea-pig 8—continued. 


Day ote se E 122 123 | 124 125 126 127 u$ 
Parasites per c.mm. — ... | 16,800 9.600 | 16,364 25,088 | 864 į 7200 576 
Temp. ... 35 noc 1 79 So | 74 88 | 74 82 ^" 

і | 
| | | 

Бау ac see .. 129 1:0 — = 

| | 
БЕ | 
Parasites рег emm. ... | осо 15.200 Died == 


етер see б ..| 86 | о -- | 


Guixra-ric 9, 9.— Weight 529 grams at time of inoculation; 440 grams at death. Dose of 
inoculation : 100,000 Trypanosomes. Duration of life 96 days. (Н.В.Е.) 


Day 1 8 |776 mw o. | 6 

т 23 

Parasites рег c.mm. — es га + 8 pee 
of 38 бау" 

Temp... 30 | № vacation 
EG) Qd! 

р |! | | i y 

ay ve So urn MU 46 Кү | +9 32 ; 
€— a | | Г ЖБ к. 

| | 
Parasites рег слит. 28 36 54 72 0 228 , 240 s 
‘Temp. | T 20 ч ! а ae | er 
| el D 
——-—— ee — па ——————— 

[ar 52 53 54 55 3b PTS 
ES —— | E vx 
Parasites per слит. ... ... зуб 1,820 | 720 1,350 7,500 7,840 10,925 
Tempe. 3o 20 | (20 28 38 -« 20 2; 
————— 4 | 2 

| === еи 

КТ |, бо 61 а 6 & 6 

мы | 5 жж 


Parasites per с.т. ... ++ 14,40 10,368 7.680 | 8,064 15,680 16,800 ; 18499 


wi : 
emp. ... г. I ү и А 26 38 ] 32 32 12 ю 
EN ыы o 
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Guinea-pig 9— continued. 


Day 


Parasites per c.mm. 


Temp. 


66 67 | 68 | 69 79 т 72 


| 
| 
| 
3,864 | 7,920 3,600 | 1,700 2,880 5,840 8,400 


ЗОП Re зо % 25 3o + 


Day 


73 7+ | 9 | xe uis ze 79 


Parasites рег c.mm. 


Temp. 


Day 


Parasites рег emm. 


Temp. 


4o 30 | 28 


8o 81 82 83 84 | 85 86 


67,648 — 59,860 | 36,800 : 27,000 10,080 | 5,880 3,072 
| 
30 20 26 42 20 70 74 


Day 


Parasites рег cmm. 


Temp. 


Day 


94 | 95 96 = err 


Parasites per c.mm. 


Temp. 


Guiza-r16 то, 9.— Weight 495 grams at time of inoculation ; 
ght 495 5 
grams at death. Dose of inoculation: two million Trypanosomes. 


E c 


Parasites рег c.mm. 


Temp. 


14,400 | 11,200 | 42,000 Died — 


26 158: o = 


4o2 grams on 1ooth day ; 335 
Duration of life 


147 days. (H.B.F. ) 
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Guinea-pig 10—continucd, 


Day $ 3 to 11 12 13 n 
Parasites рег стт. ... T 4 o o $2 4 4 16 
Hemp con AE m 56 26 46 50 40 50 
~ ! - 

Day [Кїї 16 17 1$ 19 20 2 

| o i a 


Е = е —---. — 


Parasites per c.mm. 200 16 4 4 4 ҚЕ 
Temp. 2) - e 34 о 40 31 26 13 = 
ere === = ни — БАЗЕ 
Day Pe x reel 22 23 24 25 26 27 > 
=== = (ес ------і|------,-- 
Parasites per emm. — ... 26 4 56 8 4 + e ! 
s 
Temp. ... = ox x cx ы 20 24 28 ; 
27 СОНИНИ КЗ. (а 
== А т 
Day A xo c 35 30 | хр 33 | M $ 
4 E I————— 
Parasites per слит. ... к 4 4 8 | 4 20 =? 1 
Loop РР 18 о | б 20 53 a 
| dec == 
Day 36 37 38 39 40 ш des 
3 E mae 
Parasites per emm.  .., m 4 4 16 8 76 5 5 
Temp. ... S: ee | 036 36 mu 34 2 i 
П j ie P | m 
7 | 
||| 14 | R 
| | 
—— MÀ | | Е —— 
| | | | 
Parasites рег cmm, — ... ІІ 5o o S S 24 20 е 
T | | 
emp. ... ... Tm te 34 30 р 38 34 32 26 | 
| 
] 


ЕЕ | 
Еве Е LE 
ыы 1 
И B em n ec 
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Снлат 7.— Graph of Daily Counts of the Parasites in rhe Peripheral Blood oi а Guinea-pig inoculated with T. gambiense. Periodic Variation. 


| 


(See record of Guinea-pig 10.) 
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Guinea-piz. 10—. ontinued. 


Day Ak a T 50 51 52 
———— а 00 
Parasites рег comm, se saad 1,880 | 416 124 
of 3$ dass 
Temp. ... с one ad 49 34 23 32 15 vacation 
Е | 
Day 2.0.0. 93 94 95 96 97 $ 9$ 


Parasites per стт. ... ... 11,240 9246 — 8,064 46180 | 8,096 — 7,920 бір 


"emp. ... ni К сай, 34 44 30 32 | 3+ B 
В | 
Day XE ox 1: 199 10] 102 103 104 . 105 1% 
pw. 
II D Беке. № —— 
Parasites рег c.mm. ~. “. 4864 : 3,300 2,000 4,576 9,240 : 18,200 | 124% 
Temp ... co 3x xs 51 46 3o 32 И 3 
- se — — —— ~ | J і 
Day : 107 | 108 109 110 111 112 | 13 
= = ООО ee 
Parasites рег emm. ... КОШИ ОО | 3.168 3,940 12,800 | 18,600 | 6,160 39° 
Шань Жо ne ey 36 50 42 | 60 59 я 


Day XD $5 — Gg 14 115 116 117 118 11900015 
rt CENE | c DEN — 
Parasites рег слит, JF ...| 4336 5.040 6,91 5 ! 6.008 19,200 12,000 7,020 
Гетр. ... 6; 25 ЕН 50 | SS 48 35 = 


Day . ШІ) 122 Е № 125 126 127 
ав іе | | | gE—— 
| 
Parasites per c. mm. 3.520 5 боо 2,688 6.400 5,040 5,728 300 


"emp. .. 
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Guines-pig 10—continued. 


Day E "T о” 125 129 120 131. | 132 133 134 
| 
— E 
Parasites рег c.mm. ... ... 66,000 | 24.500 | 10,000 5,040 1,008 3,600 3,388 
Temp. .. - тӘ irs 30 22 40 33 54 44 | 63 
Day 135 136 137 138 139 140 141 
Parasites рег cmm. ... ... 7,680 5,760 24,000 5,760 | 7,680 19,440 11,880 
ТӘ 2 - M un 70 4 7o 78 72 96 
ғ d ТИ | Е 
Рау 5 з E. 142 143 | 144 145 146 147 
ES pes | = 
Parasites рег emm. ~. ... 6480 4,860 2,268 3,888 4,480 28,880 | Died 
Temp... ... TT E. 8o 76 39 52 ее | o 


The graph of Guinea-pig то is represented in Chart 7. 


The incubation period in the case of guinea-pigs varles SO much 
in both strains that it is impossible to draw any definite conclusions 
therefrom. 

The duration of life of guinea-pigs inoculated with the 
Rhodesian strain was shorter than in those similarly inoculated with 
T. gambiense (old laboratory strain); thus, the average life of the 
guinea-pigs inoculated with 7. rhodesiense was 59 days, while the 
life of guinea-pigs inoculated with T. gambiense averaged 111 days. 


There is a tendency for the period between the crests of the 


4 | : : in the 
waves in the graphs of guinea-pigs to be slightly greater 1n 
case of 7. gambiense than in the сазе of T. rhodeszense. 


Сплит 8.—Graph of Daily Counts 
(See record of Rabbit 1.) 


of the Parasites in the Peripheral Blood of a Rabbit inacnlated with T. rbodesiense. 


Periodic Varintion. 


әс? 
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ENUMERATIONS IN RABBITS 
Two rabbits were inoculated with 7. /йойез2ензе and the course 
of the infection was followed in them, the same methods being 


employed as in previous cases. We append tables : — 


7. rhodestense 


Вавыт 1.-Стеу aud white. Dose of inoculation : 600,000 Trypanosomes, intraperitoneally. 


(J.G.T.) 
| 
Day 4 1 2 3 
-- З! 1 
Parasites per с.л. .. ЖСН ыы qe c 
Day 8 9 19 
Parasites рег emm. xem | 2 
Day ux АТ d 15 б | 17 
|__| | 
Parasites per mm... Д 32 168 | 200 
| 
Вау "mS. a 22 | 23 24 25 б | 27, 2s 
| aaea ————— М—щ—м | a 
60 
Parasites per emm. .. ... 460 672 2,200 | 7460 | 2944 | 2,880 | 3:3 


——— 


' i a 
cem ОХ | 


The graph of Rabbit г is shown in Chart 8. 
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Dose of inoculation: 600,000 lrypanosomes, intrapentoneally. 


().G.T.) 


Канніт 2.—OGrey. 


Parasites рег comm. — ... 5% -- 


Day das xu oJ 8 9 10 [E] 
Parasites рег omm. ... eb — — 2 | 5 
| | | | 
Day sec 45% 4 15 16 | їў ІЗ 
т | 
| | 
Parasites рег comm. — ... f 5 | 1 $ | 2 
| А 
Day - DIE E: | 23 24 - 
а | 
Parasites per с.пип. ... ... 4276 2,320 2,184 Died 
i | m 


COMPARISON OF THE EFFECTS OF THE TRYPANOSOMES 
ON THE VARIOUS HOSTS 


In guinea-pigs the disease tended to run a more chronic coust 
than in rats, as shown by the fact that the animals lived much 
longer. The periods between the crests of the waves in both stra? 
in guinea-pigs were longer than in rats, namely five to eight days ™ 
most cases. Further, in guinea-pigs the initial rise 15 slower 
‘staircase’ effect taking place and leading to the chronic condition 
(see Charts 4, 5). р 

Some of the guinea-pigs when the disease became chrom 
showed an alternation of high and low rises, which simulate 
remarkably the graph of the parasites of the patient W.A. (st 
В. Ross and D. Thomson (1910)* ). 

In the two rabbits used it was remarkable that these were the 
only animals that exhibited an affection of the eyes and skin. А 


* Proc. Ray. Soc., B, Vol. LXXXII, p. 413. 
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white purulent discharge occurred from the eyes in both rabbits 
about the seventh day after inoculation. Simultaneously with this 
affection of the eyes the skin at the roots of the ears became 
encrusted with scabs. Both rabbits became drowsy early in the 
disease, and remained so until death. Although the incubation 
period in the case of rabbits was long (nine days), yet the animals 
early succumbed to the effects of the disease, in spite of the fact 
that the trypanosomes were never very numerous in the peripheral 
blood. 

Rats also showed drowsiness during the latter half of the 
infection, while guinea-pigs continued to be lively and to take food 
well until a day or so before death, when in some cases drowsiness 
ensued. 

In our experiments we did not observe any marked relation 
between the colour of the animal inoculated and the duration of 
infection in that animal. (И is sometimes thought that white rats 
are less resistant than piebald.) 

In passing it may be noted, as has been done before, that the 
temperature of the host tended to rise with increase in the number 
of trypanosomes in the peripheral blood. 


EXPLANATION OF THE PERIODIC INCREASE AND DECREASE 
IN THE NUMBERS OF TRYPANOSOMES IN THE 
PERIPHERAL BLOOD OF THE HOST 


We believe that periodic increase and decrease of the numbers 
of trypanosomes in the peripheral blood of the host is à natural 
phenomenon, resulting from the reaction of the host and parasite on 
each other. 

The parasites increase by longitudinal div 
is reached when, unfavourable conditions arising, the formation of 
rounded, latent, non-flagellate bodies occurs, especially mn the 
internal organs of the host where they collect in the spleen and 
bone marrow during the period of decrease of flagellates in the 
peripheral blood. These rounded bodies, or at least some of them, 
become flagellate trypanosomes when the parasites begin to increase 
in numbers again (sec Fantham (1011777. 


ision until a maximum 


E l, Vol. 1V. 


T Proc. Roy. Soc., B, Vol. ХХХІ, рр. 212-227. 
рр. 465-485, 
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The slight fluctuations in the periodicity, namely, the variations 
in the time-intervals between the crests of the waves, can № 
explained by the fact that the resistance of the animal varies from 
time to time. Again, we might note that the rat, the guinea-pig, 
and the rabbit are not the natural hosts of the parasites of 
sleeping sickness. 

We should also note that the strains with which we have been 
dealing are very virulent, as judged by the records of Thomas and 
Linton (1904),* Moore and Breinl (1907), and others, whose 
inoculated animals lived much longer than ours. In less virulent 
strains the time-intervals between the crests of the waves in the 
graphs might tend to be longer. 

The periodic variation or oscillation that we have described is of 
practical importance in the administration of drugs to eliminate 
irypanosomes in a host. If the drug be administered on the 
downward slope of the curve, the fall in numbers of trypanosomes 
15 not due to the drug alone. But if the drug be administered or 
the upward slope of the curve, while the parasites are increasing in 
numbers, and yet a reduction in numbers of the parasites Б 
brought about, then the drug may legitimately be inferred to be 
efficacious. 

SUMMARY 

1. In these investigations two strains of trypanosomes were 
used, namely, (a) T. rhodesiense (Stephens and Fantham) derived 
from а patient, W.A., suffering from sleeping sickness contracted 
in Rhodesia, and (В) 7. gambiense, an old laboratory strain. 

2. Of these two strains the Rhodesian was the more virulent, 
as judged by sub-inoculations in rats, guinea-pigs and rabbits, for 
the duration of life of animals inoculated with the Rhodesian strain 
was shorter than in those inoculated with 7. gambiense. 

| Stephens and Fantham (1910) have already pointed out ? 
distinct morphological peculiarity in 7. rhodesiense in the presence 
of a posterior nucleus in some of the stout forms. 

3. Enumeration of trypanosomes in the peripheral blood of 
rats, guinca-pigs and rabbits inoculated with each of these strains 


| а 
Lancet. Мау I$, 1904, рр. 1337-1340. 
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reveals remarkable variations or oscillations in the numbers of the 
parasites from day to day, the variations being of the nature of a 
periodic increase and decrease at more or less regular intervals. 

4. The periodicity is to be explained by (a) variations in 
resistance on the part of the host, probably due to the formation 
of anti-bodies, accompanied by (8) the formation on the part of the 
trypanosomes of rounded, latent, non-flagellate (relatively resistant) 
forms in the internal organs of the host during the fall in numbers 
of the flagellate parasites in the peripheral blood. 

There is a life-cycle of trypanosomes in the Vertebrate host, 
in addition to stages of the parasite in the Invertebrate carrier (for 


example, Glossina). 


